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Abstract

Nowadays, thyroid disease is increasing rapidly all over the world. Signif-
icantly, one out of ten people is affected by the thyroid in India. In recent
years, many researchers have done various research works on thyroid disease
detection. Therefore, the early stage of thyroid disease prediction is difficult
to protect and avoid the worst health condition. In this regard, the machine
learning plays a crucial role to detect the disease accurately. We consider the
UC Irvin knowledge discovery dataset. So, this paper proposes the XGBoost
algorithm to predict thyroid disease accurately. The best features are selected
using XGBoost function. The proposed XGBoost algorithm’s efficacy is
compared to decision tree, logistic regression, k-Nearest Neighbor (kNN)
methods. The performance of all four algorithms is compared and analyzed.
It is observed that the accuracy of the XGBoost algorithm increases by 2%
than the KNN algorithm.
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1 Introduction

Nowadays, computer biology uses recent advancements in technology to
collect and store patient details. In addition, disease prediction algorithms
play a predominant role in detecting and diagnosing the disease at the early
stages. The medical information system contains numerous datasets. But
there is no traditional algorithm to predict the disease accurately in each
stage. However, machine learning plays a crucial role in solving complex
problems. The optimal and better disease prediction model is required to
select the features and classify the diseases. Otherwise, the misclassification
may occur to predict wrongly in the dataset [1].

The thyroid is a gland that produces hormones and controls the
metabolism of the body. As per the survey, ten out of one person is affected
by thyroid disease in India. Thyroid disease has mainly affected women’s
and their ages between 17 and 54 [2, 3]. The final stage of the thyroid
causes cardiovascular diseases, increases blood pressure in the human body,
increases cholesterol values, and creates mind depression. The thyroid gland
generates hormones, namely L-thyroxin (T4) and tri-iodothyroxine (T3). It
relates to various activities like producing heat, utilization of carbohydrates,
fat and protein [4].

The thyroid is categorized into two types, namely hyperthyroidism and
hypothyroidism. Hyperthyroidism is caused by producing an extra amount of
thyroid hormones. The symptoms of hyperthyroidism are increasing sensitiv-
ity, body temperature, weight loss, blood pressure and heart rate, enlargement
of the neck, nervousness, shortened menstrual period, etc. Hypothyroidism is
caused by producing fewer amounts of thyroid hormones. The symptoms of
hypothyroidism are obesity, neck swelling, hair loss, lengthened menstrual
period, etc. [5-7].

In the healthcare domain, Machine Learning (ML) algorithms play a
major role in accurately classifying and predicting thyroid disease. We
consider the UC Irvin knowledge discovery dataset [8—10]. In general, the
data is gathered from health organizations, meaningless until the data has
transformed into useful information. So, this paper proposes the XGBoost
algorithm to predict thyroid disease accurately. The proposed XGBoost algo-
rithm’s efficacy is compared to decision tree, logistic regression, k-Nearest
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Neighbor (kNN) methods. It has been noticed that the XGBoost method
outperforms other categorization algorithms in terms of accuracy.
The contribution of the paper is given below:

* This paper proposes the XGBoost algorithm to predict thyroid disease
accurately. The best features are selected using XGBoost function.

* The proposed XGBoost algorithm’s efficacy is compared to decision
tree, logistic regression, k-Nearest Neighbor (kNN) methods. It is
observed that the accuracy of the XGBoost algorithm increases by 2%
than the KNN algorithm.

In the following order, the paper is structured: Section 2 outlines the
related work. Section 3 presents various ML algorithms. Section 4 proposes
XGBoost algorithm. Section 5 provides the conclusion and future work of
this comparative study.

2 Related Work

Section 2 examines different thyroid illness prediction systems that use
machine learning techniques.

Chaubey et al. [11] analyzed thyroid disease prediction using various
ML algorithms. This work is compared the accuracy of logistic regression,
kNN and decision tree. The primary aim of this research is to demon-
strate how to predict thyroid illness and how to improve thyroid prediction
accuracy. The new thyroid dataset from the UCI repository was used in
this work. From this comparative study, we observed that the accuracy of
kNN is better than logistic regression and decision tree. It is mainly due to
the consideration of distance metrics to select the features from the given
dataset. However, the accuracy of all the above-mentioned algorithms reaches
up to 96%.

Temurtas [12] proposed a comparative study of thyroid disease predic-
tion. The thyroid is a gland that generates hormones. It regulates the body
metabolism. It is categorized into two types, namely hypo and hyperthyroid.
Thyroid disease classification is a challenging task in the thyroid dataset. A
comparative research on thyroid illness detection was conducted in this paper
utilizing a multilayer neural network; a learning vector quantization based
neural network, and a probability-based neural network. It is noticed that the
probability-based neural network provides superior performance than other
neural networks. However, it needs to increase the accuracy percentage to
diagnosis the disease.
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Data mining approaches were developed by Begum and Parkavi [13]
to predict thyroid illness. In the healthcare sector, the vital challenge is
diagnosing the disease early and providing the appropriate treatment. The
traditional way of thyroid disease is diagnosed through clinical examination
and blood test. The primary objective is used to increase the accuracy of
the thyroid disease datasets. Therefore, data mining techniques are beneficial
and vital in the healthcare sector for diagnosing the disease. This paper main
intention is to identify the category accurately. However, it is analyzed with
old techniques.

Tyagi et al. [14] proposed thyroid disease prediction using ML algo-
rithms. There are several essential organs in our body that are controlled by
the thyroid gland. Generally, the thyroid is categorized into two types, namely
hypo and hyperthyroidism. The data is generated from the human body in the
health organization. Then, the data is preprocessed using the data cleansing
method. In this case, machine learning is essential for illness detection. The
dataset was obtained from the University of California, Irvine’s repository.
This paper has performed the comparison of various ML algorithms, namely
SVM and KNN, to predict thyroid disease.

Asif et al. [15] proposed CAD-based Thyroid diagnosis system using
ML algorithms. Detecting the early stage of thyroid disease is important to
provide useful treatment to the affected persons. The dataset was obtained
from the University of California, Irvine’s repository. This paper proposed
a multilayer perceptron to increase the accuracy of thyroid diseases. The
proposed multilayer perceptron’s performance is evaluated to that of KNN,
AdaBoost, SVM, and Gradient Boosting classifiers. The proposed multilayer
perceptron classification provides better accuracy than other classification
algorithms. However, the different classifiers are also nearer to the accuracy
of the multilayer perceptron classifier.

Salman and Sonuc [16] proposed thyroid disease classification using
ML algorithms. In the healthcare sector, dealing with large scale data is
very difficult. So, this paper focused on ML algorithms. In this paper, the
authors have used the dataset, which is collected from the Iraqi people. It
contains three types of the gland, namely hypothyroidism, normal and hyper-
thyroidism. The authors used ML algorithms to predict thyroid category,
namely SVM, random forest, KNN, naive Bayes, and Multilayer perceptron.
The performance of various ML algorithms is implemented and compared.
However, it needs to increase the classification accuracy.

Rehman et al. [17] proposed a K nearest algorithm to analyze thyroid
disease. This work is consists of three ways: KNN without feature selection,
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KNN with chi-square based feature selection, KNN with L1 based feature
selection. The dataset is taken from the KEEL dataset repository and real-
time data is taken from Pakistan hospital. The newly generated dataset is
included new features such as Body Mass Index (BMI), pulse rate, and
Blood pressure. The performance of the three techniques is compared and
the chi-square-based feature selection provided higher accuracy than other
techniques, especially for the new datasets.

Riajuliislam et al. [18] proposed an early prediction of Hypothyroid
using classification algorithms. Hypothyroidism shows the typical changes
in female patients. It is slowly changed into a dangerous disease. Predicting
disease in the early stage is a critical task. So, machine learning plays a
major role in predicting the conditions. This paper is used recursive feature
selection, principal component analysis, and univariate feature selection with
various classification algorithms, namely SVM, Decision tree, logistic regres-
sion, and random forest. The result shows that recursive feature selection
is provided 99.3% accuracy. However, it is suitable for only hypothyroid
diseases.

The research gap is identified from the related works. In Section 2, various
ML algorithms are proposed to increase the accuracy of thyroid disease pre-
diction. From the related works, we identified certain disadvantages, namely
less prediction accuracy and older techniques. To increase the prediction
accuracy, this paper proposes the XGBoost algorithm to predict thyroid dis-
ease accurately. The proposed XGBoost method is compared against logistic
regression, k-Nearest Neighbour (kNN), XGBoost, and decision tree algo-
rithms in order to compare its performance. Thus, it shows the performance
of the prediction accuracy level. Table 1 shows the various classification
algorithms are used in related works.

3 Existing Classification Algorithms

This section discusses various classification algorithms which are already
used to predict the thyroid disease prediction.

3.1 Logistic Regression

Logistic regression is a type of supervised learning technique that is fre-
quently used to solve classification issues. It is a type of predictive analytic
method that is predicated on the idea of probability. It calculates the compli-
cated cost function from the sigmoid function. The cost function of Logistic
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Table 1 Various classification algorithms in related works

Author’s Classification Algorithms Advantages Limitations
Chaubey Comparision of Increased the It is reached maximum
etal. [11] logistic regression, accuracy accuracy 96%

Temurtas [12]

Begum and
Parkavi [13]

Tyagi et al. [14]

Asif et al. [15]

Salman and
Sonuc [16]

Rehman
etal. [17]

Riajuliislam
etal. [18]

kNN and decision tree
multilayer neural
network; a learning
vector quantization
based neural network,
and a
probability-based
neural network

Data mining
approaches

SVM and KNN

KNN, AdaBoost,
SVM, and Gradient
Boosting

SVM, random forest,
KNN, naive Bayes,
and Multilayer
perceptron

KNN with chi-square
based feature selection,
KNN with L1 based
feature selection

SVM, Decision tree,
logistic regression, and
random forest

Increased the
accuracy

Identified the
disease category
accurately
Increased the
accuracy
Provided better
accuracy

Increased the
accuracy to
certain extent

chi-square-
based feature
selection
provided higher
accuracy
recursive feature
selection is
provided 99.3%
accuracy

It is not provided the
accuracy at maximum
level.

It is old technique

It is not up to the level

It is nearer to the
accuracy of the
multilayer perceptron
classifier

It needs to increase the
classification accuracy.

It needs to increase the
classification accuracy.

It is suitable for only
hypothyroid diseases.

Regression is between 0 and 1 [19]. The hypothesis of Logistic Regression is
represented using Equation (1).

0 < hypog(X) <1

)

where hypog(X) indicates the hypothesis of logistic regression’s cost

function.
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3.2 Decision Tree

The decision tree method is one of the supervised learning algorithms, and
it is used to address classification and regression issues in data science and
engineering. The main objective of the decision tree is to develop a training
model that can be used to forecast the class of interest. In general, the decision
tree starts with the tree’s root node for indicating the class label. The values of
the root attribute are then compared to the values of the dataset attribute. The
condition check goes on to the next branch of the tree based on the results of
the comparison. The decision tree has the following assumptions: Initially, the
entire training set is treated as the root node. It is generally categorized into
two types, namely categorical and continuous variable decision trees. The
categorical decision tree contains a target variable with a categorical value.
The continuous decision tree contains target variables with continuous values.
Categorical values are most preferable in the feature values. The attribute
values are recursively distributed from the records [20].

3.3 K-Nearest Neighbor Algorithm

The K-Nearest Neighbor (KNN) algorithm is a supervised learning method
that is used to find the nearest neighbour. It is suitable for classification and
regression problems. It assumes the similarity between new data and old
data. It assigns the new data into a similarly matched category. It has two
properties, namely lazy and non-parametric learning algorithms [21].

» Lazy learning: It does not have separate training set and uses complete
dataset for training.

* Non-parametric learning: It does not consider anything for underlying
the data.

4 Proposed Thyroid Classification Algorithm

This paper proposes the use of the XGBoost algorithm to reliably forecast
thyroid illness. It takes input data from the thyroid dataset. The data set is
split into three categories: training data, testing data, and validation data. The
training data is applied to the proposed XGBoost algorithm to evaluate the
best feature and classify the data using the XGBoost decision function. The
test data will be tested using an already trained XGBoost model. Finally,
it predicts thyroid disease accurately. The proposed XGBoost algorithm
workflow is shown in Figure 1.
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Figure 1 Workflow of proposed XGBoost algorithm.

4.1 Dataset Description

The thyroid dataset used in this study was obtained from the University of
California, Irvine (UCI) repository [22]. The reason behind the dataset is
prevalent and most of them using the dataset for thyroid disease classification.
The dataset contains 3 classes, namely normal, hyper and hypothyroid. The
dataset has a total of 215 instances. The instance count in normal, hyper and
hypo thyroids are 150, 35 and 30, respectively. The thyroid dataset contains
five features. The features are T3 resin value, total serum thyroxin value, total
serum triiodothyronine value, thyroid stimulating hormone value and Major
difference between Thyroid stimulating hormone and after taking thyrotropin
injection. The name of the features are shown in Table 2.

4.2 Proposed XGBoost Algorithm

Extreme Gradient Boosting (XGBoost) is an ensemble tree that follows a
gradient descent structure to enhance the weak learners [23]. It is a level
by level additive modelling. Initially, XGBoost fits the data to the weak
classifier. Later, it fits the data to another weak classifier for increasing the
ith accuracy without affecting the current model. The same process continues
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Table 2 Thyroid dataset features

Features Values

1 T3 resin value

2 Total serum thyroxin value

3 Total serum triiodothyronine value

4 Thyroid stimulating hormone value

5 Major difference between Thyroid stimulating hormone and after taking

thyrotropin injection.

until it provides the best accuracy. The overall workflow is summarized as
follows:
Let consider the input dataset DS and it is represented in Equation (2).

DS=b:c, |DS|=n, beR™ ceR 2)

where n is the number of occurrences, m denotes the number of features, and
b and ¢ denote the features and target variable, respectively.

The thyroid dataset contains n = 125 instances and m = 5 features. The
sum of the predicted scores in k trees are calculated using Equation (3).

K

G=>Y fulbi), fxeF 3)

k=1

where ¢; indicates the instance in the kth boost, b; indicates ith instance of
training set.

The value of kth tree is represented by fi(b;) and all the values of decision
tree is represented by F. The XGBoost reduces the lose function Ly and it is
given Equation (4).

Ly = L@, c) )
=1

XGBoost defines the learning rate and hyper parameter values and it is
given in Table 3.

In XGBoost, the objective function considers the loss function and regu-
larization term to choose predicate function. The Objective Function (OF) of
XGBoost is given in Equation (5).

k

OF = 3" L(G, ¢;) + > R(f) (5)
=1 ;
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Table 3 XGBoost parameters

Parameter Default Value
Nthread max
Minimum child weight 1

Maximum depth

r

Learning rate 0.3
A 0
A 1
Number of trees to fit 100

Where L indicates the loss function, ¢; indicates predicted label and c¢;
indicates actual label. R(f) indicates penalizing computing function in the
training tree.

To define the complexity, we first define the tree function f(b), which is
given in Equation (6).

f(0) =wy(b), weR:, ¢R™—{1,2,...L} (6)

where w indicates the leaf score of the tree, q indicates mapping function
between data samples and corresponding leaf. The L indicates number of
leaves in the tree.

The complexity of penalize model’s calculation is given in Equation (7).

R(T) = x L+ a(wl) + 5 x A [l a)
Where A and + are constant values, each leaf value is represented by ~.
|lw]|| indicates weight value of the tree.
The XGBoost follows an additive model which indicates the curve tree
result with previous tree result. At tth step, the Objective Function (OF) is
calculated and it is given in Equation (8).

OF ™M =3 Lei, &) +£i(bi) + R(E) +c ®
i=1

Where f; indicates minimization of objective function and c is a constant.
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Further, we compute the second order Taylor series and it is given in
Equation (9).

= 1
OF™ =%~ [L(ci, G ) 4 gixf (by) + 5><hift2(bi) +R(f) +¢
i=1
9
The calculation of g; and h; are given in Equations (10) and (11).
gi = 3€¢_1L(ci, /Cffl) (10)
hi = 0% 1 L(ci, &) (11)

In order to remove constant, we obtain Equation (12) by adding regular-
ization term from Equation (7).

n

T
1
OF(™) = Z [gi x fe(bi) + 5 % hift?(bi):| +9' +ax ZWIQ 2)

i=1 j=1

Finally, the XGBoost algorithm is selected good features and predicts the
disease accurately. The overall XGBoost classification process is given in
Algorithm 1.

Algorithm 1 Proposed XGBoost

Input: Thyroid dataset

Qutput: Prediction of thyroid disease

1: Dataset is split into training, testing and validation set
2: sum of predicted tree is calculated using Equation (3)
3:  XGBoost loss function is calculated using Equation (4).
4: Objective function calculation process

n k
OF =Y L(&, c;)+ Y _R(f:)
i i=1

XGBoost tree construction is defined in Equation (6).

The complexity of penalize model is calculated using Equation (7).
Final tree construction process is calculated using Equation (12).
The test set is matched with XGboost decision function

Prediction of thyroid diseases.

R A
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5 Result and Discussions

Various ML algorithms are implemented and applied to the UCI thyroid
dataset to predict the accuracy. This paper proposed the XGBoost algorithm
to increase the prediction accuracy among other ML algorithms, namely
logistic regression, decision tree and KNN. Table 4 shows the performance
comparison of various ML algorithms. Here, this paper considers the percent-
age of training, testing and validation are 70%, 15% and 15%, respectively.
The test misclassifications in logistic regression, decision tree, KNN and
XGBoost are 18.75%, 12.5%, 3.125% and 2.15%, respectively. The valida-
tion misclassification in logistic regression, decision tree, KNN and XGBoost
are 15.625%, 3.12%, 6.25% and 5.50%, respectively. The accuracy in logistic
regression, decision tree, KNN and XGBoost is 81.25%, 87.5%, 96.875% and
98.59%, respectively. It is mainly due to the consideration of the XGBoost

Table 4 Performance comparison of various machine learning algorithms

Logistic Decision ~ KNN XGBoost
Regression (%) Tree (%) (%) (Proposed) (%)
Test misclassification (%) 18.75 12.5 3.125 2.15
Validation misclassification (%) 15.625 3.12 6.25 5.50
Accuracy (%) 81.25 87.5 96.875 98.59

100 | mmm Test misclassification (%)
B Validation misclassification (%)
Em Accuracy (%)

Performance Measures(%)

Logistic Regression Decision Tree KNN XGBoost
Algorithms

Figure 2 Performance comparison of various machine learning algorithms.
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algorithm to select the features in the thyroid dataset appropriately. The
accuracy is calculated in Equation (13).

TP + TN
(TP+ FN)+ (FP+TN)

Accuracy = (13)

Where true positive, true negative, false negative, and false positive,
respectively, are denoted as TP, TN, FN, and FP.

Figure 2 compares the performance of several machine learning methods.
The proposed XGBoost algorithm’s performance is compared against logistic
regression, decision trees, and KNN. The accuracy of the proposed XGBoost
increases by 2%, 12% and 17% compared to KNN, Decision tree and logistic
regression.

6 Conclusion and Future Work

An early stage of thyroid disease prediction is difficult to protect and avoid
the worst health condition. We consider the UC Irvin knowledge discovery
dataset. So, this paper proposes the XGBoost algorithm to predict thyroid
disease accurately. The proposed XGBoost algorithm’s efficacy is compared
to decision tree, logistic regression, k-Nearest Neighbor (kNN) methods. The
performance of all four algorithms is compared and analyzed. The accuracy
of the proposed XGBoost increases by 2%, 12% and 17% compared to KNN,
Decision tree and logistic regression.

In the future work, we planned to adapt Long Term Short Memory
(LSTM) algorithms to analyze the real-time healthcare data. Thus, devel-
oping algorithms and thyroid illness predictive models that use minimal
attributes to detect thyroid disease saves money and time.
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